Abstract -This research was the first cytogenetic study of large Indian civet (Viverra zibetha) in Thailand. Blood samples of the species were taken from two males and one female kept in Songkhla Zoo, Songkhla province, Thailand. After the standard whole blood lymphocyte culture in presence of colchicine, the metaphase spreads were performed on microscopic slides and air-dried. Conventional staining and GTG-banded technique were applied to stain the chromosomes. The karyotype of large Indian civet show that diploid chromosome number was 2n=38, and the fundamental number (NF) were 72 in female and 71 in male. The autosomes consist of 4 large metacentric, 10 large submetacentric, 10 large acrocentric, 2 large telocentric, 2 medium metacentric, 2 medium acrocentric, 4 small acrocentric and 2 small telocentric chromosomes. The X chromosome was large submetacentric and the Y chromosome was the smallest telocentric chromosome. Idiogram represent banding pattern at the metaphase chromosome was 345 bands and found that chromosome pairs 13 was the satellite marker chromosome that have secondary constriction on long length arm. These results will be useful for future studies of breeding, conservation, chromosome evolution and basic genetics information in this species.
INTRODUCTION
Thailand is tropical country thus weather and surrounding is suitable for living thing that causes high diversity. Wild animals are one part that show the diversity and also important in ecology and food chain. However forest destroying causes wild animals extinction or risk on extinction includes animals in family Viverridae. Animals in family Viverridae from order Carnivora that have high propagation in tropical forest area found in south Europe, Africa and Asia include Indonesia, Philippine and Madagascar (VAUNHEN 1972; STAINS 1984; MCPHEE 2001) . The viverids have good pheromone gland development. Their pheromone gland locates nearby anus. In male this gland secretes aromatic smell substance call "civet". Animals in subfamily Viverrinae (genus Viverricula, Viverra and Civettictis) have the best pheromone gland development next below is subfamily Paradoxurinae and the least is subfamily Hemigalinae. Their secreted substance is use to perfume and drug ingredient (RETTIG AND DIVERS 1986) .
In the world, animals in family Viverridae was found 34 species, 20 genera, 6 subfamilies (WIL-SON AND COLE 2000). In Thailand, these animals were found 11 species, 9 genera, 3 subfamilies. Large Indian civet (Viverra zibetha) organizes into subfamily Viverrinae, genus Viverra that is very large, yellow-gray body, black fleck diffuse overall body, black band striped from shoulder to base of tail, tail is alternate with black and white bands (LEKAGUL AND MCNEELY 1977; 1988; PARR 2003) .
From literature review about cytogenetic studies of animals in family Viverridae according to RAY-CHAUDHURI et al. (1966) ; WURSTER AND BENI- TRSCHKE (1967; 1968); WADA et al. (1983); WANG et al. (1984) ; MASASHI and HARUMI (1993) TANOMTONG et al. (2005a TANOMTONG et al. ( , 2005b TANOMTONG et al. ( , 2005c TANOMTONG et al. ( , 2005d , there are no report about cytogenetic study on Viverra zibetha. Thus this is the first cytogenetic study of this animal.
MATERIALS AND METHODS
Blood samples of large Indian civet were taken from two males and one female kept in Songkhla Zoo, Songkhla province, Thailand and subjected to cytogenetics studies by lymphocyte culture of whole blood samples. The culture cells were examined with colchicine-hypotonic-fixation-airdrying technique followed by conventional staining and GTG-banded technique with Giemsa's.
Chromosomal checks were performed on mitotic metaphase cells under light microscope. Twenty cells each of male and female with clearly observable and well-spread chromosomes were selected and photographed. The length short arm chromosome (Ls) and the length long arm chromosome (Ll) were measured to calculate the length total arm chromosome (LT, LT = Ls + Ll). The relative length (RL), the centromeric index (CI), CI and LT were also computed to classify the types and size of chromosomes according to CHAIYASUT (1989) . All parameters were used in karyotyping and idiograming from NASH AND O' BRIEN (1987) and WADA et al. (1991) .
RESULTS
This research was the first cytogenetic study of large Indian civet (Viverra zibetha). The diploid chromosome number (2n) of large Indian civet was 38 and the fundamental number (NF) was 72 in female and 71 in male. The autosomes were compose of 4 large metacentric, 10 large submetacentric, 10 large acrocentric, 2 large telocentric, 2 medium metacentric, 2 medium acrocentric, 4 small acrocentric and 2 small telocentric chromosomes. The X chromosome was large submetacentric and the Y chromosome was the smallest telocentric chromosome ( Fig. 1 and 2 ). The G-banded metaphase chromosome showing 345 bands was indicates in the idiogram (Fig. 3 ). Chromosome pair 13 was satellite marker chromosome that has secondary constriction on long length arm (Fig. 1) . The karyotype formula for the large Indian civet was as follows:
2n ( rus hermaphroditus) 2n=42, Fossa (Cryptoprocta ferox) 2n=42, Hose's palm civet (Diplogale hosei) 2n=42, banded palm civet (Hemigalus derbyanus) 2n=42, masked palm civet (Paguma lavata) 2n=44 and small-spotted genet (Genetta genetta) 2n=52 (RAY-CHAUDHURI et al. 1966; WURSTER and BENIRS-CHKE 1967; 1968; WADA et al. 1983; WANG et al. 1984; MASASHI and HARUMI 1993; TANOMTONG et al. 2005a; 2005b; 2005c; 2005d; 2005e) . We found that animal in family Viverridae has 2n between 34 and 52 and large Indian civet has the same 2n with Civettictis civetta and Viverra megaspila.
From comparing NF of female and male large Indian civet (72 and 71) with animal in family Viverridae in Thailand as Viverricular indica, Viverra megaspila, Arctogalidia trivigata, Arctictis binturong and Paguma lavata that have NF=68 in female and 67 in male, 72 in female and 71 in male, 66 in female and male, 68 in female and male, 72 in female and male, respectively (TANOMTONG et al. 2005a; 2005b; 2005c; 2005d; 2005e) . We discovered that NF of animal in family Viverridae in Thailand is 66-72 and large Indian civet has the same NF with Viverra megaspila. Large Indian civet idiogram (Fig. 3) show autosome decreasing from large to small size.
Large Indian civet autosome consist of metacentric, submetacentric, acrocentric and telocentric (6-10-16-4). The other animal in family Viverridae in Thailand as Viverricular indica, Viverra megaspila, Arctogalidia trivigata, Arctictis binturong and Paguma lavata has metacentric, submetacentric, acrocentric and telocentric autosome = 10-12-10-2, 10-10-12-4, 6-8-10-14, 2-4-16-18 and 6-10-10-16, respectively (TANOMTONG et al. 2005a; 2005b; 2005c; 2005d; 2005e) . From comparison, it shows the several of autosome type in these animals.
The X chromosome of large Indian civet was large submetacentric and Y chromosome was the smallest telocentric. The other animal in family Viverridae has large metacentric X chromosome as Arctogalidia trivigata, Arctictis binturong, Genetta genetta, Civettictis civetta, Prionodon linsang, Cryptoprocta ferox and Diplogale hosei (WURSTER and BENIRSCHKE 1967; 1968; TANOMTONG et al. 2005a; 2005b) or large submetacentric metacentric X chromosome as Paguma lavata, Viverra megaspila and Viverricular indica (TANOMTONG et al. 2005c; 2005d; 2005e) . They have various Y chromosome as small metacentric in Diplogale hosei (WURSTER and BENIRSCHKE 1968) , small submetacentric in Arctictis binturong and Paguma lavata (TANOMTONG et al., 2005b) , small acrocentric in Arctogalidia trivigata, Genetta genetta, Civettictis civetta and Cryptoprocta ferox (WURSTER and BE-NIRSCHKE 1968; Tanomtong et al. 2005a ) and small telocentric in Viverra megaspila and Viverricular indica (TANOMTONG et al. 2005d .
Large Indian civet has chromosome marker. Chromosome pairs 13 was the satellite chromosome with nucleolar organizer regions (NORs). This agree with previous report that found animal in family Viverridae has one pair of satellite chromosome (RAY-CHAUDHURI et al. 1966; WURSTER and BENITRSCHKE 1967; 1968; WADA et al. 1983; WANG et al. 1984; MASASHI and HARUMI 1993 and TANOM-TONG et al. 2005a; 2005b; 2005c; 2005d; 2005e) whereas Genetta genetta has 2 pairs of satellite chromosome (WURSTER and BENITRSCHKE 1968) .
The GTG-banding revealed that the number of bands on 1 set of haploid chromosomes, which includes autosomes, X and Y chromosomes, was 345 bands for the large Indian civet. The GTGbanded technique provide a clearly chromosome band which represent in black and white regions on chromosome. The level of GTG-banded technique (band numbers) is defined by a visible and in a haploid set which compose of autosomes, X and Y chromosome. Thus, the haploid set of the large Indian civet consist of 18 autosomes include X and Y chromosome. However, some chromosome can not clearly identify because some band is variable. As above the chromosome band scoring is represent by approximate band that appear.
The data of the chromosomal checks on mitotic metaphase cells of the large Indian civet are shown in table 1. Figure 3 shows the idiogram for the large Indian civet from the GTG-band technique, with landmarks, region and bands.
CONCLUSION
The karyotype of large Indian civet show that 2n=38, and the NF were 72 in female and 71 in male. The autosomes consist of 4 large metacentric, 10 large submetacentric, 10 large acrocentric, 2 large acrocentric, 2 medium metacentric, 2 medium acrocentric, 4 small acrocentric and 2 small telocentric chromosomes. The X chromosome was large submetacentric and the Y chromosome was the smallest telocentric chromosome. The metaphase chromosome represent 345 bands show in the idiogram and found that chromosome pairs 13 that has secondary constriction on long arm was the satellite marker chromosome. The karyotype formula for the large Indian civet was as follows: 2n (38) Remark: L = large chromosome, M = medium chromosome, S = small chromosome, m = metacentric, sm = submetacentric, a = acrocentric and t = telocentric.
